The Atlantic molly Poecilia mexicana inhabits a variety of different habitat types, some of which are characterized by physicochemical stressors, such as toxic hydrogen sulfide (H 2 S), or the fish occur in lightless subterranean (cave) habitats. Using five different populations from surface habitats with or without H 2 S, and from a sulfidic and a non-sulfidic cave, I asked how extreme environmental conditions affect behavioral evolution in this species. I examined male sexual behavior, and potential costs of male sexual harassment to females, determined as the reduction of female feeding times in the presence of a harassing male. In all populations with at least one physicochemical stressor present (H 2 S or absence of light), a reduction in male sexual activity was recorded. While females from habitats without physicochemical stressors spent less time feeding around males, no such costs of male harassment were detected in populations from extreme habitats. It is discussed that energy limitation may be the driving force selecting for reduced male sexual activity, since fish from all habitats with presence of physicochemical stressors show a low body condition factor under natural conditions.
Introduction
Differential interests of the sexes often lead to sexual conflicts and usually the optimal number of copulations is lower for females than for males (Arnqvist & Rowe, 2005) . Males may rely on coercion to inseminate uncooperative females (e.g., Krupa et al., 1990; Smuts & Smuts, 1993; Clutton-Brock & Parker, 1995; McLain & Pratt, 1999; Shine et al., 2000; Fox, 2002) . High male sexual activity may come with a cost for females, because females need to avoid male mating attempts. Male behavior that leads to changes in female behavior can be defined as sexual harassment (Rowe et al., 1994; CluttonBrook & Parker, 1995; Reale et al., 1996; Persaud & Galef, 2003) .
Livebearing fishes (Poeciliidae) are good models to study sexual harassment (Magurran & Seghers, 1994a,b; Houde, 1997; Magurran, 2001; Brewster & Houde, 2003) . In poeciliids fertilization is internal, and males use their transformed anal fin, the gonopodium, to transfer sperm (Greven, 2005) . Poeciliid females have a roughly monthly sexual cycle (Parzefall, 1973) , and they can store sperm and, thus, require few copulations to ensure complete fertilization of several monthly broods (Constantz, 1984 (Constantz, , 1989 . Males, by contrast, almost constantly engage in sexual behavior (e.g., guppy, Poecilia reticulata: Magurran & Seghers, 1994a; Houde, 1997; Magurran, 2001 ; Atlantic molly, P. mexicana: Plath et al., 2003 Plath et al., , 2007a ; mosquitofish, Gambusia holbrooki: Bisazza & Marin, 1995) . For example, guppy females are receptive for less than 5% of the time in their reproductive cycle just after parturition (Houde, 1997 ; see also Farr & Travis, 1986 for sailfin molly, P. latipinna) . Guppy females willingly copulate only two or three times (Kelly et al., 1999) and typically flee from approaching males (e.g., Brewster & Houde, 2003) , except when they are receptive or virgin (Liley, 1983 ; see also Plath et al., 2001 and Tobler, 2007 for P. mexicana) . Poeciliid males may not only impose a cost on females by attempting forced copulations, but they also show high degrees of sexual harassment preceding forced copulations (e.g., nipping at the female's gonopore, Parzefall, 1969) .
Several studies were able to quantify a cost of sexual harassment as reduced feeding time for female livebearing fishes (P. reticulata: Magurran & Seghers, 1994a; Griffiths, 1996; P. latipinna: Schlupp et al., 2001; P. mexicana: Plath et al., 2003; Gambusia holbrooki: Pilastro et al., 2003 ; Girardinichthys multiradiatus (Godeidae): Valero et al., 2005) . Access to food is directly correlated with growth and fecundity in poeciliid females (Hester, 1964; Reznik, 1983; Reznik & Miles, 1989) , thus feeding time reduction is a good indicator of a cost of sexual harassment for females. Indeed, the direct consequences of male harassment for poeciliid females include a reduction in the number of offspring per brood (P. reticulata: Ojanguren & Magurran, 2007 ; but see also Smith & Sargent, 2006 and Smith, 2007 for effects of female competition in Gambusia affinis).
In another study, Plath et al. (2007a) examined the costs of male sexual harassment for females in nine species of livebearing fishes (Poecilia latipinna, P. mexicana, P. salvatoris, P. reticulata, Xiphophorus cortezi, X. variatus, Gambusia affinis, G. geiseri, Heterandria formosa) . Little variation was found among species or among populations within species, suggesting that qualitative differences in the kind of mating behavior employed by malessuch as presence or absence of courtship -have little effect on the reduction of female feeding time . The only exception from this pattern was found in the case of the cave molly, a subterranean form of the Atlantic molly (P. mexicana) from a sulfidic cave near Tapijulapa in Tabasco, southern Mexico (Cueva del Azufre, a.k.a. Cueva Villa Luz or Cueva de las Sardinas; Gordon & Rosen, 1962; Walters & Walters, 1965) . Cave molly males showed little sexual behavior, and females did not feed less in the presence of males (Plath et al., 2003 (Plath et al., , 2004a .
A crucial aspect of the cave molly's ecology is that the Cueva del Azufre is not only lightless but also contains toxic levels of hydrogen sulfide (H 2 S; Langecker et al., 1996; Tobler et al., 2006) . Due to the toxicity of H 2 S, the Cueva del Azufre is considered an extreme habitat for the inhabiting P. mexicana (Tobler et al., 2006) . The ecosystem of the Cueva del Azufre appears to be based on bacterial chemoautotrophic primary production and bat guano (Langecker et al., 1996; Parzefall, 2001) . It supports a large molly population and, thus, has been classified as energy-rich (Langecker et al., 1996) . Nevertheless, cave mollies show a very low body condition Tobler et al., 2006) , and their survival under sulfidic and hypoxic conditions is critically dependent on supply of energy-rich food (Plath et al., 2007e) . This suggests that the detoxification of H 2 S is energy consuming. Also, cave mollies need to dedicate considerable time to aquatic surface respiration (Plath et al., 2007e) , an energy-and time-consuming behavior that detracts from the time available for feeding (Weber & Kramer, 1983) .
Generally, organisms need to balance the energy allotment required for basic somatic needs and those required for reproductive efforts (Bell & Koufopanou, 1986; Stearns, 1989) , and this trade-off probably differs vastly across populations of P. mexicana. Mollies inhabiting the Cueva del Azufre likely must invest relatively more energy in somatic maintenance than those residing in less harsh habitats (Franssen et al., 2007 ; see also Sibly & Calow, 1989; Celentano & Defeo, 2006) . A likely explanation for reduced male sexual behavior and absence of sexual harassment would be that over evolutionary times, extreme environmental conditions have selected against high levels of (energy-demanding) male sexual behavior in the Cueva del Azufre cavefish. This hypothesis would be supported if other populations inhabiting habitats with presence of physicochemical stressors would also exhibit reduced male sexual activity and, thus, females from such populations would also not suffer from male harassment (i.e., they would not experience a feeding time reduction).
Until recently, only one cave form of P. mexicana was known (Gordon & Rosen, 1962; Parzefall, 1993 Parzefall, , 2001 Proudlove, 2006) , impeding a comparative analysis of male sexual behavior in P. mexicana populations that have independently colonized caves. Recently, Pisarowicz (2005) reported the discovery of a new cave in the vicinity of the Cueva del Azufre (the Cueva Luna Azufre), which is also inhabited by a molly population. Despite its name, the Luna Azufre cave lacks significant amounts of hydrogen sulfide (H 2 S; Tobler et al., 2007a) . Fish from the Luna Azufre cave show equally low condition factors, suggesting that food availability is low in this cave, probably because chemoautotrophic primary production is lacking . Mollies from both caves share characteristics like reduced (albeit functional) eyes and pigmentation, but overall they are morphologically distinct (Tobler et al., 2007a, unpubl. data) . Indeed, an analysis of cytochrome b gene sequences indicates that the two cave forms have evolved independently, and a microsatellite analysis suggests that there is currently no gene flow between them (M. Plath et al., unpubl. data) .
In the present study, I compared male sexual activity and the cost of male harassment as reduced feeding time among five populations of P. mexicana, while including the newly discovered cave population from the non-sulfidic Luna Azufre cave. I employed populations that inhabit habitats with different combinations of the environmental factors light/darkness and sulfidic/nonsulfidic, and I asked if the described behavioral reduction processes occur in all habitats in which environmental stressors (absence of light and/or presence of toxic hydrogen sulfide) act as selective forces.
Materials and methods

Study system
Poecilia mexicana is widespread in freshwater surface habitats along the Atlantic versant of Central America (Miller, 2005) . The Cueva del Azufre is about 300 m deep and has several breaks in the ceiling in the front parts (Gordon & Rosen, 1962; Hose & Pisarowicz, 1999) . A cave creek flows through the cave, forming several shallow pools that are partially divided by riffle passages. While the front cave chambers receive some dim light, the inner parts of the cave are lightless, and the molly population from the innermost cave chamber XIII constantly lives in the dark. Pronounced genetic differentiation between the fish from the Cueva del Azufre, El Azufre and the nearby Arroyo Cristal (a tributary to the Río Oxolotan) was detected using microsatellite analysis, suggesting local adaptation and restricted gene flow among populations (Plath et al., 2007d) .
The Luna Azufre is a considerably smaller cave . Both caves are located within different hills that are separated by a valley and a creek. Interestingly, very large males do not occur in this cave population, such that males are, on average, smaller than those from the Cueva del Azufre (R. Riesch et al., unpubl. data) . Accordingly, Luna Azufre males from stock populations were also smaller than males from the other populations (Table 1) .
Another aspect of the mating system of P. mexicana I considered in this study was size-dependent male sexual activity. Large poeciliid males are typically favored by females (e.g., P. latipinna: MacLaren & Rowland, 2006; MacLaren, 2007; P. mexicana: Plath et al., 2004b P. mexicana: Plath et al., , 2007b , and are superior in dyadic conflicts (e.g., green swordtails, Xiphophorus hellerii: Franck & Ribowski, 1989; Ribowski & Franck, 1993) . Consequently, both female choice and male competition select for large male body size. Small males may compensate for this by using alternative mating tactics (Farr, 1989) . Moreover, small males may just show more sexual behavior on encounter of a female than large males (P. latipinna: Schlupp et al., 2001; P. mexicana: Plath et al., 2003) . Indeed, in surface dwelling Atlantic mollies, small males exhibit 'ambushing' behavior, hiding near groups of females, while relying on forced copulations in the absence of large males (Parzefall, 1969) . Even large P. mexicana males do not show the elaborate courtship known, for example, from sailfin mollies (Parzefall, 1969; Plath et al., 2007a) . Sizedependent rates of mating behavior were found to be absent in the cave molly (Cueva del Azufre), and in some studies even a slightly positive correlation between male size and sexual activity was found (Plath et al., 2003 (Plath et al., , 2004a Riesch et al., 2006a) . Hence, the relationship between male body size and male sexual activity was also analyzed in the present study.
Origin and maintenance of study organisms
Randomly out-bred laboratory stocks of five populations of P. mexicana were used. One population was collected from the Río Oxolotan, a river with mostly clear water in the vicinity of the caves (Tobler et al., 2006) . A second population from a non-sulfidic surface habitat was collected in the brackish coastal waters near Tampico (Tamaulipas, eastern Mexico). Another population was collected from just outside of the exit of the Cueva del Azufre. It occurs in the milky, sulfidic water of the El Azufre, which is flowing out of the cave (Tobler et al., 2006) . The fourth population was collected from the rearmost cave chamber XIII of the Cueva del Azufre (after Gordon & Rosen, 1962) . Finally, the fish from the newly discovered Luna Azufre were collected. In total, N = 75 new trials were conducted for this study (N = 37 of the newly discovered Luna Azufre cavefish, N = 32 Tampico and N = 6 Río Oxolotan). I included N = 155 trials that were re-analyzed from previous studies using the same experimental design: Plath et al. (2003) , N = 20 (Río Oxolotan), N = 25 (Cueva del Azufre) and N = 20 (El Azufre); Plath et al. (2004a) , N = 20 (Cueva del Azufre); Plath et al. (2006a) , N = 20 (El Azufre); Plath et al. (2007a) , N = 24 (Tampico), N = 26 (Cueva del Azufre).
Individuals examined in the course of this study were reared in large (ca. 1000 l) tanks in a greenhouse of the University of Oklahoma in Norman. The tanks contained naturally growing algae as well as a variety of naturally occurring invertebrates like chironomid larvae, copepods and amphipods, on which the fish could feed. In addition, the fish were supplied with flake food every two days. All fish used were sexually mature and had interacted with the opposite sex; thus, all females were most likely pregnant. Where data were re-analyzed from previous studies, fish had been kept in the laboratory of the Zoological Institute of the University of Hamburg in 100-200 l tanks at 25-30
• C under a 16:8 h light/dark cycle. Note that also the cavefish were maintained at light.
Plath
The stocks had been maintained in the laboratory for different periods of time: the Tampico population was collected in 1995 and was tested between 2000 and 2003, as well as in 2006. The Río Oxolotan population was collected in 1995 and 1998, and the populations from the Cueva del Azufre and El Azufre were first collected in 1970 and repeatedly refreshed in 1975, 1982 and 1996 , and data for those populations were collected between 2000 and 2003 (Plath et al., 2003 (Plath et al., , 2004a . Another stock of the Cueva del Azufre population , as well as the Luna Azufre population originated from animals collected in 2004 and 2006; data were collected between 2006 and 2007. It could be argued that prolonged periods of captivity could have lead to decreased sexual activity, i.e., if inbreeding plays a role. However, in the case of the two cave populations, animals from the second to third laboratory generation were available, while the Río Oxolotan and Tampico males all came from older laboratory stocks; nevertheless, more sexual behavior was seen in the Río Oxolotan and the Tampico population than in the cave populations (see below). In the case of the Cueva del Azufre cave population, data were suitable for a comparison of male sexual activity between stocks that had been maintained in captivity for a longer (Hamburg) or shorter period of time (Norman). Male sexual activity (dependent variable) was compared using GLM, whereby male body size and female body size were treated as covariates, and 'laboratory' was used as a between subjects factor. However, no significant effects were observed (F < 0.10, p > 0.37).
All fish were acclimated to laboratory conditions for 24 h and were fed food tablets, which guaranteed that the fish would be habituated to, and feed on food tablets during the tests. Then, males were isolated from females in small, visually separated aquaria for another 24 h, after which period P. mexicana males readily show mating behavior . Meanwhile the focal females were isolated in small groups (4-5 individuals) in 50 l aquaria and were not fed for 24 h before the tests, such that focal females were motivated to feed throughout the test. Males and partner females were fed ad libitum in the morning just prior to the tests, making sure that males would not trade off foraging and mating (see Abrahams, 1993) .
Feeding tests
Test tanks were used in alternating order. Each of the tanks (50×30×25 cm, length × height × width) was filled to three-fourths with aged tap water.
The base was covered with a thin layer of white gravel. Water temperature was maintained at 24-26
• C with the aid of an aquarium heater. Illumination was provided by four 60 W lamps on the ceiling of the test room. Prior to a feeding test, a food tablet (TetraMin tropical tablets) was placed on the bottom of the test tank, centrally near the front wall. A transparent Plexiglas box (30 × 8 × 8 cm, open at the top and base) was placed in the back center of the tank to hold the focal female during the acclimation phase. To initiate a trial, a focal female was introduced into the acclimation box, and a male or a female partner fish was introduced into the test tank. Both fish were given 5 min to acclimatize. The focal female was then released and the behavior observation was started. I measured the time the focal female spent feeding on the presented stationary food source, from the surface of the water, the aquarium walls and bottom, and on floating matter during a five-minute observation period. Whenever a male partner was present, I also recorded the number of sexual behaviors. Male sexual behavior was recorded as pre-mating behavior involving body contact (i.e., nipping at the female gonopore) and gonopodial thrusts (i.e., copulations and copulatory attempts; Parzefall, 1969; Farr, 1989) . Nipping at the female genital pore typically precedes copulation attempts in mollies (Parzefall, 1969 (Parzefall, , 1973 Sumner et al., 1994) .
After the first part of a trial, the focal female was introduced into the acclimation tube again, the first partner was removed, and a partner fish of the opposite sex was introduced. Hence, each focal female experienced two subsequent experimental situations during which she could feed either with a male or with another female. The order of presentation (male or female partner first) was balanced. After a trial, all fish involved were measured for standard length to the closest millimeter (Table 1) .
Statistical analyses
Overall differences in male mating activity (the sum of all sexual behaviors) across populations were tested using a generalized linear model (GLM), whereby 'population' was treated as a between subjects factor. To test for an effect of male body size on male mating activity (e.g., Schlupp et al., 2001) , male standard length was included as a covariate. To test for an effect of female body size (i.e., male mating preferences for large females, e.g., Plath et al., 2006b Plath et al., , 2007c ) the focal females' standard lengths were included as another covariate.
Plath
One of the major questions of this study was whether females would spend less time feeding in the presence of a male and whether this feeding time reduction would differ among populations. In one approach, I compared female feeding times (with a male or with a female) within each of the different populations using paired t-tests.
In another approach, female feeding time reduction (determined as the relative time spent feeding in the presence of a male) was compared among populations. The relative time spent feeding with a given male was calculated as follows: (time spent feeding with that male/(time spent feeding with the respective partner female + time spent feeding with the male)). Hence, values < 0.50 would indicate that the focal females fed less with the male partner, 0.50 would indicate no change at all and values > 0.50 would indicate that the females fed more with the male partner. All relative data were arcsine (square-root)-transformed for the analyses. Again, I employed GLM, in which 'population' was a between subjects factor. To account for differences in males' readiness to mate, male mating activity (individual values for the sum of all sexual behaviors) was included as a covariate. Because the overall feeding motivation of females might also influence the degree to which the females suffer from male harassment in terms of a feeding time reduction, the total feeding time of the focal females (feeding time with female + with male partner) was included as another covariate. Where interactions with one of the covariates were significant, standardized residuals from GLM were used to calculate post hoc Pearson correlations, which allowed qualitatively comparing correlation coefficients.
Results
Male sexual behavior
Male sexual activity
In the analysis of male sexual activity (sum of all male mating behaviors) the interaction term 'population × male size × female size' had no statistically significant effect (F 4,210 = 0.62, p = 0.65), such that only interactions up to the level of two were analyzed. Overall, there was a significant difference in male sexual behavior among populations (Table 2) , and males from the two clear water surface habitats (Río Oxolotan and Tampico) showed more sexual behavior than males from the sulfur creek and the two cave populations Size-dependent male sexual activity
The interaction term 'population × male size' had a significant effect, indicating different slopes for the correlations between male body size and the number of sexual behaviors across populations (Table 2) . Indeed, negative correlations between male body size and the number of male mating behaviors (standardized residuals) were found in the case of the two clearwater surface populations (Pearson correlations, Río Oxolotan: r P = −0.39, p = 0.052, N = 26; Tampico: r P = −0.37, p = 0.005, N = 56; Figure 1a) , indicating typical size-dependent male sexual activity in these two populations, with smaller males showing a higher sexual activity than larger ones. By contrast, no such correlations were found in the other three populations (Cueva del Azufre: r P = +0.07, p = 0.55, N = 71; Luna Azufre: r P = +0.05, p = 0.77, N = 37; El Azufre: r P = −0.06, p = 0.71, N = 40; Figure 1b ).
Male mate choice for large female size
The interaction term 'population × female size', too, had a significant effect, indicating different responses of the males to different-sized females across populations (Table 2 ). There was a significant positive correlation between Figure 1 . The correlations between male sexual activity (standardized residuals) and male body size (standard length). Residuals were obtained from a generalized linear model (see Table 2 ).
female body size and male sexual behavior (standardized residuals) in the Cueva del Azufre cavefish (Pearson correlation: r P = +0.31, p = 0.008, N = 71) and in males from the sulfidic surface creek (El Azufre; r P = +0.50, p = 0.001, N = 40), suggesting male mate choice for large female size in these two populations (Figure 2 ). By contrast, I detected no significant correlation in the surface population from Tampico (r P = −0.04, p = 0.77, N = 56) and the newly discovered Luna Azufre cavefish (r P = −0.25, P = 0.13, N = 37), and even a negative correlation was found in the Río Oxolotan population (r P = −0.41, P = 0.037, N = 26; Figure 2 ).
Female feeding time reduction
Female feeding time in the presence of a female or a male A pair-wise comparison of female feeding times between the part of the tests involving a male and a female partner revealed that focal females spent less time feeding in the presence of a male only in the two surface populations from non-sulfidic habitats (Río Oxolotan and Tampico; Table 3 ).
Population comparison of female feeding time reduction
In the GLM, the interaction term 'population × total feeding time × male sexual behavior' had no statistically significant effect (F 4,210 = 1.32, p = 0.26), and only interactions up to a level of two were analyzed. Overall, there was a significant difference in feeding time reduction among populations (Table 4 ; Figure 3 ). In a post hoc comparison, the Río Oxolotan and Tampico populations differed from the other three populations (LSD test: 0.0003 p 0.056), while there was no difference between the Río Oxolotan and the Tampico population (p = 0.32) or among the other three populations (p 0.41).
Effect of male sexual activity
There was also an effect of the interaction term 'population × male sexual activity' (Table 4) , indicating differences across populations in the extent to which female feeding times were affected by male sexual activity. Posthoc Pearson correlations using standardized residuals revealed a little congruent pattern: there was a significant negative correlation in the Tampico population (r P = −0.34, p = 0.010, N = 56), no correlation in the Río Figure 2 . The correlations between male sexual activity (standardized residuals) and female body size (standard length). Residuals were obtained from a generalized linear model (see Table 2 ). Oxolotan population (r P = +0.25, p = 0.22, N = 26), the Cueva del Azufre (r P = −0.01, p = 0.92, N = 71) or the Luna Azufre population (r P = +0.04, p = 0.80, N = 37), and even a tendency towards a positive correlation in the El Azufre population (r P = +0.30, p = 0.061, N = 40; Figure 4 ). The latter finding may indicate that -in this population with absence of male harassment -male sexual activity and female feeding rates are to some extent correlated, because both indicate general activity levels. 
Discusssion
In all populations with at least one physicochemical stressor present (H 2 S or absence of light), a reduction in male sexual activity was observed compared with males from populations that inhabit 'benign' habitats. While females from habitats without physicochemical stressors spent less time feeding around males, no such costs of male harassment were detected in populations from extreme habitats. How could the presence of physiochemical stressors have selected for low male sexual activity in those populations? Inside the Cueva del Azufre, H 2 S concentrations can reach more than 300 µM, and also in El Azufre, toxic concentrations of H 2 S can be found (10-41 µM; Tobler et al., 2006) . The cave environment in the Luna Azufre differs from the Cueva del Azufre by the generally much lower H 2 S concentrations (0-4 µM; Tobler et al., 2007a) . These ecological differences between the caves are also reflected by the low abundance of sulfide-oxidizing bacteria in the Luna Azufre, which cover almost all wet surfaces in the Cueva del Azufre (Pisarowicz, 2005; . Caves are usually considered to be energy-poor habitats (Poulson & Lavoie, 2000) , but because of the presence of bacterial primary production and the input of bat guano, the Cueva del Azufre was suggested to be energy-rich even compared to surface habitats (Langecker et al., 1996;  Figure 4. The correlations between the reduction of female feeding time in the presence of a male (determined as the relative time spent feeding around a male) and male sexual activity (sum of all sexual behaviors). Standardized residuals were obtained from a generalized linear model (see Table 4 ). Parzefall, 2001) . Bats and accumulations of bat guano can also be found in the Luna Azufre and seem to provide the energy basis for the cave ecosystem (M. Tobler, unpubl. data) . Although the Cueva del Azufre is considered to be an energy-rich habitat, the mollies inhabiting the cave appear to be malnourished , Tobler et al., 2006 and energy availability affects the short-term survival of the fish (Plath et al., 2007e) . It has been hypothesized that the poor body condition is caused by costly adaptations necessary to cope with the high concentration of H 2 S (Tobler et al., 2006; Plath et al., 2007e) . This, however, seems not to apply for the Luna Azufre, where very low concentrations of H 2 S were detected, but nonetheless the inhabiting mollies show equally low condition factors . This points to low food availability in the Luna Azufre cave, in which chemoautotrophic primary production by sulfide-oxidizing bacteria likely plays an insignificant role. Consequently, it seems likely that energy-limitation in sulfidic and/or dark habitats was the major evolutionary force selecting for a reduction of energy demanding behaviors (such as sexual behavior) in the El Azufre, Cueva del Azufre and Luna Azufre populations. A similar explanation is likely for the described reduction in aggressive behavior (Parzefall, 2001) . Because labreared individuals have been used in this study, and tests were conducted in light, and in the absence of hydrogen sulfide, behavioral differences observed here must have a genetic basis.
Costs of male harassment
Females from the two habitats without physicochemical stressors (Río Oxolotan and Tampico) spent less time feeding in the presence of a male than in the company of another female, but no such effect of male harassment on females' feeding rates was detected in the other three populations with reduced male sexual activity.
When sailfin molly (P. latipinna) females were allowed to feed in the presence of a male that could only visually, but not physically interact with the female, focal females nonetheless spent considerably less time feeding than in the presence of a female . This indicates that besides a direct effect of male sexual activity on female feeding rates (as attested for example by the negative correlation between female feeding times and male sexual activity in the Tampico population), general shift in females' time allocations due to increased vigilance play an important role . In the populations with presence of physicochemical stressors, male sexual activity is reduced (see above), and selection on females to avoid males is probably very low.
Generally, it remains puzzling how large molly populations occur in the caves despite the harshness of the environmental conditions (Parzefall, 1993; Tobler et al., 2006) . Ecological benefits of life in the Cueva del Azufre include the lack of interspecific competition (Tobler et al., 2006) , lack of avian and piscine predators (Tobler et al., 2006; Riesch et al., 2006b; ; but see Tobler et al., 2007b for predation by giant water bugs (Belostoma sp.)) and reduced parasitization (Tobler et al., 2007c) . I propose that -from the female perspective -reduced male sexual harassment, as an evolutionary consequence of life under extreme environmental conditions, acts as another (non-ecological) benefit of life under extreme environmental conditions. For example, guppy (P. reticulata) females produce less offspring when reared with males (Ojanguren & Magurran, 2007) , but this reduction in female fitness will not occur in P. mexicana populations inhabiting extreme habitats.
Absence of size-dependent male sexual activity
Although a very similar polymorphism in adult male body size is found in surface and cave dwelling (Cueva del Azufre) P. mexicana populations (Plath et al., 2003) , no size-dependent male sexual activity was found in the two cave and the El Azufre populations. In some species such as swordtails, genus Xiphophorus (Kallman & Borkoski, 1978; Zimmerer & Kallman, 1989; Ryan et al., 1992) , a genetic basis of male size polymorphism has been demonstrated, but little is known so far about the heredity of male size in other species like P. mexicana. A genetic basis of male size polymorphism, however, is not necessary for the maintenance of size-dependent male sexual activity. It must be mentioned though that males are, on average, smaller in the Luna Azufre population, where very large males do not occur. Hence, size-dependent male sexual activity in this population may be non-existent, just because there is little variation in adult male body size.
Only in the Río Oxolotan and the Tampico populations, both of which inhabit habitats without physicochemical stressors, did small males show increased levels of sexual activity, as attested by the negative correlation between male body size and the number of male sexual behaviors. In previous studies, even positive correlations between male size and male sexual activity could be detected in Cueva del Azufre males (Plath et al., 2003 (Plath et al., , 2004c Riesch et al., 2006a) . This, however, was not confirmed in the present study. Increased sexual activity in small males is probably very energy demanding; thus, it is likely that the same selection against energy demanding behaviors (see above) is responsible for the evolutionary reduction of size-dependent male sexual activity.
Male mate choice for large female body size
A positive correlation between female body size and male sexual activity was found in the El Azufre and Cueva del Azufre populations, but not in the other populations, including the newly discovered Luna Azufre cavefish. From these results it seems that the male mating preference for large female size is stronger in the El Azufre and Cueva del Azufre populations than in the other studied populations. Indeed, using simultaneous dichotomous choice tests, Plath et al. (2006b) found males from the Cueva del Azufre to exhibit a significantly stronger association preference for large females than males from the Río Oxolotan. This was interpreted by male mate choice being more important in the sulfidic, hypoxic and energy limited habitat, since reproductive efforts become relatively more expensive in energy limited environments. Why no mating preference relative to the females' size was found in the Luna Azufre males, remains unclear. Aquatic surface respiration (see Introduction) is important only in the sulfidic habitats and limits the time available for mating in the sulfidic and hypoxic habitats, thereby restricting the time available for mating. It is tempting to speculate that selection to evolve this male mating preference for large female size is lower in the non-sulfidic habitat, because the time budgets of males are not constrained by aquatic surface respiration. However, simultaneous choice tests will be needed to determine whether this male mating preference for large female size is indeed weaker in the Luna Azufre cavefish.
In the Río Oxolotan population, even a negative correlation between female size and the number of male sexual behaviors was detected. It seems that larger females are more able to flee from males in this population. This idea is congruent with the proposed arms race between the sexes, where females are expected to evolve 'resistance traits' in response to fast evolving male 'persistence traits' (Arnqvist & Rowe, 2005) . The experimental design of the present study can also be viewed as a sequential choice test, allowing a male to interact with one female at a time, whereby the observed number of male sexual behaviors is also affected by the behavior of the females. Indeed, in simultaneous, dichotomous association preference tests, in which two stimulus females were confined to a specific location and, thus, could not flee, also males from the Río Oxolotan spent considerably more time near a large than near a small female ).
